The Pasture Development Program on silvo-pastoral system in traditional home-gardens in Matara district was commenced with the aim of increasing milk production and income of the small-scale cattle farmers. The objectives of the study were to analyze ecosystem changes, economic trade-offs and social breakthroughs taken place in home-gardens after the program, with the aim of expanding the program coverage. The study was conducted through a field survey interviewing 34 farmers randomly selected from the participants. Tthe farmers have changed the composition of eco-systems in their home-gardens, replaced traditional grasses with CO3 fodder, and removed number of trees disturbing fodder cultivation. They have significantly lost some traditionally cultivated crops and trees due to competition with fodder during dry seasons. The farmers have significantly increased the milk yield per cow, market surplus and income, increased the amount of fodder sufficient to feed their cattle and little market surplus, and gradually adapted to cow-done as organic fertilizer. The social breakthroughs are identified as: reduced risk of conflicts with neighbors and theft of cattle, controlled damages caused by cattle to agricultural crops, reduced time spent on feeding cattle during dry seasons, increased domestic milk consumption, and increased the number of milk collecting centers induced by increased milk production. Although the Pasture Development Program have transformed the traditional home-gardens to improved silvo-pastoral system, community governance yet to be developed in order attract externalities particularly land use planning, technology development and policy support.
Introduction
According to the livestock statistics, the contribution milk production for national requirement is estimated at 33% in Sri Lanka in 2009 (Nanayakkara, 2013) . The per capita consumption of milk and milk product in Sri Lanka is 3.5 kg /year, which is low compared to other South Asian countries (Perera & Jayasooriya, 2008) . Sri Lanka import milk powder spending around US$ 400 million annually (Mendis and Edirisinghe, 2014) . The present policy framework of Sri Lanka therefore aims at increase the national milk production and self-sufficient in milk in the medium term. The target of the government was to achieve 50 percent self-sufficiency in milk products by 2015. Smallholders dominate the local milk production systems in Sri Lanka operating by about 400,000 dairy farmers, at near-subsistence levels. About 73 % of variable costs consist of feeds alone in dairy farming (Navaratne & Buchenrieder, 2003) . Limited access to good quality fodder year round is a major constraint to profitable smallholder dairy production. The main sources of concentrates used in dairy production in Sri Lanka are rice brand, coconut poonac and molasses, the by-products to supplement poor quality fodder basal diets (Department of Census and Statistics Sri Lanka, 2015) . Cattles in Sri Lanka are primarily dependent on pasture and fodder found on neighbors' lands, roadsides and common areas (Ibrahim, et al., 1999) . Creating conducive policy environment, the government has recognized the smallholder dairy farmers as the most important stakeholder in the domestic dairy industry and changed the land used policies particularly for pasture cultivation in favor of dairy development.
The Pasture Development Program in Matara district in Southern Sri Lanka commenced in 2012 with the aim of increasing milk production as well as income of the small-scale cattle farmers in short-term through continuousin small-scale operations based on proximity to markets and feed resources. Cattle are usually stall-fed, allowed to graze freely or tethered with mainly native pastures and crop residues. Presence of feed deficits is a major constraint to the dairy production systems in Matara district. The cattle depending on natural forages are facing severe shortage of green fodder availability particularly during the dry season. The pasture development program selected 10 small-scale cattle farmers who were rearing more than 2 cattle and can grow more than 200 bushes of fodder covering more than 10 perches (1 perch = 25.3m
2 ) land in their home-gardens, from each 37 Veterinary Surgeons Ranges. Each year from 2012, around 100 farmers were given opportunities to join the program with the aim of completing in 4 years period. The traditional home-garden in Matara district is an intimate association of multipurpose trees and shrubs with annual and perennial crops and livestock. Rearing livestock in home-gardens in Sri Lanka is comparatively low but important for achieving long-term food and nutrition security . Home-gardens in Sri Lanka has a some form of cultivation in addition to the dwelling house on a total area of between 0.05 and 2.5 ha (mean 0.4 ha) (Pushpakumara et al., 2010) . Home-gardens are mainly privately owned and have more secure rights and benefits from lands to land owners (De Zoysa & Inoue, 2008) . Home-gardens have been practiced for centuries as traditional life supporting systems (De Costa et al., 2006) .
The home-garden provides ecosystem services, household needs and part of the household livelihood strategy . Forest Sector Master Plan of Sri Lanka in 1995 has identified the high potential of home-gardens for the promotion and sustain its multiple uses (MFE, 1995) . The structure and management of a home garden varies from place to place, depending upon ecological, socio-economic and cultural factors. Rearing livestock in home-gardens in Sri Lanka is comparatively low and important for achieving long-term food and nutrition security .
The Provincial Council of the Southern Province invested Rs. 2.3 million in 2012 for the pasture development program. Each participant was given Rs. 5,000 as a grant in addition to the information leaflets, training, and CO3 fodder as planting materials. The Livestock Breeding Project in 1999 introduced Hybrid Napier var. CO-3 a high yielding perennial fodder as an efficient and economical solution to low productivity of national dairy herd in Sri Lanka (Premaratne & Premalal, 2006) . CO-3 grass prefers a deep fertile soil and grows well in high rainfall areas with optimum temperature ranging 25 -40 C 0 in full sunlight as in Matara district. Hybrid Napier (Var. CO-3) fresh yields 5-8 kg / plant at 45 day cutting interval and 1 x 1 m spacing under good management. In view of the importance of feed resources as a major constraint to milk production, the analysis of impacts of the strategies of Pasture Development Program on silvo-pastoral system of home-gardens in Matara district to cope with feed constraints has become an urgent research need.
The objectives of the study were to examine the ecosystem changes, analyze the economic trade-offs and ascertain the social breakthroughs as impacts of the pasture development program on silvo-pastoral system of traditional home-gardens in Matara district. The study further made attempts to make policy implications in order to popularize and replicate in other districts as well.
Method
The study was conducted through a questionnaire survey interviewing 34 farmers randomly selected from 100 participants of the pasture development program in Matara district who had joined the program in 2012. The structural questionnaire was used in depth interviews of the survey was the primary source of data for the study. Further, discussion with key resource personnel of the program as well as field observation also facilitated for the collection of relevant primary data.
Descriptive statistics were calculated such as percent and frequency for categorical variables and mean with standard deviation, and median with range for continuous variables. Pearson's correlation was used to investigate the correlation between the variables. Wilcoxon Sign rank Test was used to identify the association between before and after the program situation of quantitative measurement. The Marginal Homogeneity Test was done to identify the association between before and after the program situation of qualitative measurements. The Kruskal-Wallis H test was used to determine if there are statistically significant differences between more groups of an independent variable on an ordinal dependent variable.
Results and Discussion

The Milk Farmers Participating in Pasture Development Program
The milk farmers participating in Pasture Development Program are mainly middle age (mean 47 and median 43 years) and having upper secondary education (mean 13 th and median 10 th Grade) ( Table -1 ). They are having mostly the small size families (mean 3 and median 3) and possessing wide range in sizes from 40 to 320 perches (mean 128.7 and median 95 perches) of their home-gardens. The size and land ownership of home-gardens by all the farmers have favorable environment for their ability to grow CO3 quality fodder to feed their dairy cattle. Only 29% of them are full time farmers in occupation while others (71%) are part-time farmers occupied in non-farm occupation. They are involving in the program for almost 4 years since 2012. .
The farmers have replaced traditional grasses and established the plots with CO3 fodder (Hybrid Napier Var.CO-3) using the planting materials distributed by the pasture development program. Technology adapted in home-gardens in Sri Lanka have changed over 55% during the past twenty years (Daulagala, et al.., 2013) . The farmers have reduced the average total land of their home-gardens under traditional grass/fodder from average 26 perches (21%) to 9 perches (7%). Instead, they have cultivated average 18 perches (16%) in wide range of land extent (minimum -10; maximum -40) with introduced CO3 fodder, a high yielding fodder, based on the size of the home-gardens and their intention for the devotion in the program. There is a significant positive correlation (=0.545; P=0.001) between the size of the land used for CO3 fodder cultivation and the size of their home-gardens. The lands under coconut trees and forest tress particularly Teak in the home-gardens are commonly used for CO3 fodder as an under-cultivation. Those under-cultivations also provide grazing and cut and-carry CO3 forage for the dairy production. It could be observed that, with the development of silvopastoral system, only very few farmers have grown better quality trees mainly leguminous trees and bushes as complementary plants to make continuous access to feed the cattle and also benefit forest trees.
It could be observed that the farmers have removed number of trees disturbing fodder due to continuity of canopy cover, largely by the farmers having small-extent home-gardens. The vegetation of home-gardens of the milk farmers has lost average 9.88 perches (10%) after the implementation of the pasture program. According to analysis, there is no significant correlation (=0.184; P=0.296) between the average size of home-gardens and the average size of lost vegetation. However, it could be observed that the farmers having small-extent home-gardens particularly have removed some individual trees, both perennial crops and forest trees which are shading their fodder plots. Moreover, according to the farmers, small-extent home-gardens have significantly lost some traditionally cultivated annual crops and perennial crops also due to competition with fodder during dry seasons, but remaining trees are growing vigorously. Higher organic matter incorporation in home-gardens enhance soil chemical and physical properties (Egodawatta et al., 2011) . P=0.000*** 3. Average size and % from total land under CO3 fodder (Perches):
18 (16) -Pearson Correlation ***Significant at P<0.05
The knowledge of the farmers on ecosystem management in their home-gardens has not yet be improved even after the 4 years of implementing the pasture development program. The knowledge of the farmers on ecosystem management was measured in terms of knowledge on land use planning; and the knowledge on selecting cropping systems. At the inception of the program, the farmers have been trained by the officers on CO3 fodder cultivation in home-gardens in the view of improving their dairy farming. According to the farmers, their knowledge on land use planning of the home garden has been significantly changed (MH St. = 4.379; and P = 0.000) only from the level of -Low‖ (mean -2.2; minimum-1; maximum-3; SD-0.592 and median -2) to -Moderate‖ (mean -2.8; minimum-2; maximum-4; SD-0.717 and median -3). Even the knowledge of majority of the farmers on selecting cropping systems for the home garden has been significantly changed (MH St. = 4.747; and P = 0.000), but only from the level of just -Very Low‖ (median -1) to -Low‖ (median -2) after 4 years of the implementation of the program.
Improvement of Economic Trade-Offs After the Pasture Development Program
The pasture development program has significantly increased the milk yield per cow, market surplus and income as very important improvement of the economic trade-offs. The house-holds decisions on home-garden activities tends to be quite dynamic and management practices are mostly driven by their consumption and income generation needs (Galhena et al., 2012) . The average production of milk per cow per day has increased by 90% significantly (Z=5.169 and P=0.000) from 3.1 to 5.9 liters after the implementation of the pasture program (Table  -3) . Similarly, the average amount of milk production per day per farmer has increased by 164% significantly (Z=5.169 and P=0.000) from 9.6 to 25.2 liters ( Table -3) . Households requires at least three upgraded cows to produce minimum of 15 liters of milk per day to earn a reasonable income from dairy farming (Ranaweera, 2007) . They have increased the average amount of milk they sold in 177% significantly (Z=5.090 and P=0.000) from 8.7 to 24.1 liters even after increasing the household consumption by 28% significantly (Z=2.342 and P=0.020) from 0.9 to 1.1 liters. The average income of a farmer has increased by 291% significantly (Z=5.086 and P=0.000) from Rs. 417.41 to 1629.79 per day also increasing the selling price of milk by 42% significantly (Z=5.093 and P=0.000) from average Rs. 46.97 to 66.82 per liter. The average daily income of a farmer after the participating in the program has wide range from minimum Rs. 469 to maximum Rs. 4, ). Since most of the farmers (71%) are part-time farmers, they consider this income as an extra earning for the household. Even the full-time farmers (29%) do milk farming in their home-gardens as an additional domestic activity with the help of wife and the other family members. P=0.000*** Average % of fire wood contribution from home-garden for farmer household consumption 100 100 The farmers have increased the production of fodder at in their home-gardens sufficient to feed their cattle and little market surplus after the implementation of pasture development program. Further to grazing at home-gardens, private lands and village common lands, the average amount of fodder used for cut and fed the cattle has been increased by 117% significantly (Z=4.991 and P=0.000) from 2.7 to 5.9 kg per cow per day after the implementation of the pasture program. The pasture program has taken enough effort to produce average 5.73 kg of CO3 per cow per day with minimum 2 kg to maximum 12.5 kg (SD-2.443). They harvest CO3 daily based on the requirement of their cattle to keep the palatability of the cattle with fresh fodder. The farmers produce average 58.07 kg (minimum 22.50; maximum 112.5; SD-14.747) of CO3 per perch in 45 days production / harvesting cycle. The increase of fodder production due to the pasture development program has influenced the farmers to reduce the amount of feeding cattle with other feeds mainly rice straw and rice brand by 52% significantly (Z=-4.757 and P=0.000) from 1.9 to 0.9 kg per cow per day. More than 50% of the rice straw, a major crop residue in Sri Lanka is used as animal feed (Perera, 1992) . There are 70-90,000 tons of rice bran produced annually in Sri Lanka is one of the main sources of concentrates used in dairy production to supplement the poor quality fodder basal diets (Ibrahim, et. al, 1999) . The farmers purchase Rice Brand at the rate of Rs 25 / kg, and Cattle Feed (Gawa Ahaara) at Rs. 950 / 25 kg (Bag) and some Minerals to feed their cattle. The Rice Straw is available in the village paddy fields of their fellow farmers and collect free of charge to feed the cattle.
Although there is an increase of pasture production in home-gardens, the average duration of feeding the cattle per day at home-garden has not increased significantly (7%, Z=1.732 and P=0.083). However, the average feeding duration of cattle at private lands has decreased in 226% significantly (Z=-5.068 and P=0.000) from 4.3 to 2.0 hours per day after the pasture program. The average duration of feeding at the village common land also has reduced in 66% significantly (Z=-4.565 and P=0.000) from 2.1 to 0.7 hours per day after the pasture program. The average total duration of feeding the cattle also has reduced in 11% significantly (Z=-4.647 and P=0.000) from 9.6 to 8.6 hours per day after the pasture program. Moreover, the amount of milk production per day per farmer after the pasture program, has a significant positive correlation (=0.580; P=0.000) with the amount of the production of CO3 fodder per day per farmers. Similarly, the amount of milk production per day per farmer also has a significant positive correlation (=0.663; P=0.000) with the production of CO3 per home-garden per day after the program. It could be revealed that only very few (15%; 5 respondents) farmers sell average 8 kg (minimum 5; maximum 10) of CO3 per day at the average price of Rs. 7.02 per kg. As the formal milk buyers, MILCO purchase milk at the fixed rate of Rs. 70 /liter and Lucky Yogurt Rs. 65 /liter from the farmers. The purchasing price is vary by the local milk collectors.
The increased volume of cow done with the increased volume of feeding fodder has replaced the inorganic fertilizer application in CO3 plots. Hybrid Napier grass produced higher yield with adequate organic manure than applied with inorganic fertilizer (Jayanthi, 2003) . According to the farmers, they have gradually adapted to cow-done as organic manure replacing urea used for fodder, crops and trees. With the implementation of the pasture program, each farmer was given Rs. 5,000 as an incentive without considering their extent of CO3 fodder cultivation or the size of their home-garden. Some of them have applied Urea to their CO3 plots without any standard amount but depend on availability after applying the fertilizer to their paddy fields. However, it could be observed that almost all the farmers are usually collecting and applying cow don as organic manure not only to their agricultural crops but also to the CO3 fodder plots in their home gardens.
Contribution of vegetables and fruits from home-gardens in daily diet has been reduced but negligible compared to the increased income from milk production. Most of the farmers (79%) have produced average 20.1% (minimum 0; maximum 40; SD-13.285) of their daily house hold requirements of vegetables in their home gardens before the pasture program. After the implementation of the pasture, 68% of the farmers have reduced the daily household vegetable contribution in 40% significantly (Z=-4.231 and P=0.000) to 12.1% (minimum 0; maximum 30; SD-10.381). Similarly, all the farmers (100%) have produced average 57.4% (minimum1 0; maximum 90; SD-17.111) of daily household fruits requirement before the implementation of the program. Home-gardens in Sri Lanka constitute the most significant fruits production system (Weerakkody, 2004) . The contribution of the average daily household fruit requirement of 97% of the farmers, from the home-garden has reduced by 38% significantly (Z=-5.098 and P=0.000) to average 35.4% (minimum0; maximum 80; SD-17.511) after the pasture development program. However, all the farmers (100) fulfill the 100% of their fire-wood requirement totally from their home-gardens even after the implementation of the pasture program. The very little (01%) reduction of average home-garden contribution of household wood requirement of 97% farmers from 63.5% with wide range (minimum 0; maximum 95; SD-19.288) to 62.8% (minimum 0; maximum 95; ) after the implementation of the program is not statistically significant. Home-gardens supply more than 70 % of the timber and more than 80 % of the fuel-wood requirement in the country (Chokkalingam & Vanniarachchy, 2011) .
Development of Social Breakthroughs by the Pasture Development Program
The pasture program has facilitated the control of damages caused by cattle to the agricultural crops in farmers own home-gardens to some extent but the home-gardens of their neighboring households at considerable level. The reduction of average damage (from Mean 1.9 to 1.7) done by the grazing of cattle in home garden is not significant (MH St. = 0.870; P = 0.384) and still the majority is remaining at -Low‖ level (Median -2) ( Table -4 ). However, the damage done in neighbors' home-gardens has reduced (from Mean 1.1 to 0.3) to the level of almost -No‖ (Median -0) significantly (MH St. = 4.439; P = 0.000) after the pasture program. The pasture development program has reduced the conflicts with neighbors and risk of theft of cattle by increasing cutting and feeding cattle without allowing long duration grazing in private (from 4.3 to 2.0 hours per day) and common lands (from 2.1 to 0.7 hours per day). The average conflicts with neighbors due to gracing of cattle also have reduced (from Mean 0.7 to 0.1) significantly (MH St. = 4.146; P = 0.000) to the level of -No‖. The risk of the theft of cattle has also reduced from -Low‖ to -Very Low‖ (from Mean 1.9 to 0.8) significantly (MH St. = 4.503; P = 0.000) after the pasture development program. Table 4 . Social breakthroughs of the milk farmers after the pasture development program KW-Kruskal Wallis Test ***Significant at P<0.05 sources available in the village, particularly during dry seasons. The dairy farmers in wet zone including Matara district spend average 3.7 hours daily on dairy activities mainly feeding the animals; either collecting fodder or taking animals to and from tethered grazing (Ibrahim, et. al, 1999) . In all the households, farmers are directly involving in feed collecting and feeding their cattle with the support of their elderly sons. House wives of the farmers do milking as a traditional practice in additional to their household activities. All the farmers have to cut the fodder in the morning and feed the cattle. The part-time farmers (71%) who are engaging in non-farm occupations have to cut the fodder in the afternoon and request a family member mainly the wife to feed the cattle. Lack of labor availability is the main reason for the low level of management in home-gardens, because family members are involved in other jobs (Jayawardena & Jayatilaka, 1998) . They feel that the average time they spend on feed collecting and stall feeding has significantly reduced (MH St. = -5.127; P = 0.000) from -High‖ to -Low‖ (from Mean 4.1 to 2.3) after the production of CO3 fodder in their home-gardens.
Increased domestic milk consumption by farmers' as well as their neighboring families is also an important social breakthrough of the pasture development program leading to eradication of rural malnutrition. Home-gardens in Sri Lanka are user-driven and produce multiple benefits of direct relevance for local livelihoods (Mattsson et al., 2013) . The consumers perceive milk powder as an inferior good thus the demand is likely to shift increasingly to liquid milk is the current trend in Sri Lanka. The government also is making effort organizing awareness programs to popularize the liquid milk consumption. The average amount of domestic milk consumption of the farmers has increased in 28% significantly (Z=2.324 ; P=0.020) from 0.9 to 1.1 liter per family per day after the pasture development program. Their neighboring families also have increased their milk consumption in 150% significantly (Z= 4.406 ; P=0.000) from average 0.7 to 1.8 liter per family per day.
The farmers have understood that the increased number of government and private milk collecting centers have been induced by the increased milk production after the pasture development program. According to the farmers, the average number of milk collectors has been increased from 2 to 5 joining 3 trustworthy informal collectors in addition to the government own MILCO and the private own Lucky Yogurt. The informal market is critical to profitability for the small holding producers for their liquid milk and making the dairying an economically viable enterprise. The informal market consists of sales directly to individual consumers, and private milk collectors who then sell milk either to collection centers, restaurants, local manufacturers of milk products or to consumers. Presently, however, the farmers are experiencing the increase of convenience of milk selling from -Low‖ to -High‖ (from Mean 2.0 to 4.0). Increased price paid for milk along with an improved collection network encouraged dairy farmers to produce more milk (Ranaweera, 2009 ).
The farmers have not yet promoted community governance in order attract externalities to promote their dairy farming in home-gardens even after the successfully implementing the pasture development program. The number and total area of home-gardens in Sri Lanka have been increasing annually over the years with little policy support . Although the organizing of milk farmers has been significantly increased (MH St. = 4.427 ; P = 0.000) from Mean 0.6 to 1.5, the majority of them feel that are still remaining at -Low‖ (Median-2) level. Their knowledge on ecosystem management particularly the knowledge on land use planning (Mean-2.8) and knowledge on cropping system (Mean-2.4) are at -Low‖ and -Moderate‖ levels respectively even more than 4 years after the implementation of the pasture program (Table -2 ). It could be revealed that the farmers are -Highly‖ (Mean-4.2; Median-4) interested in further promotion of their dairy farming. Village households utilize home-gardens as a local strategy addressing the issue of dairy farming even with limited resources and institutional support (Galhena, et al., 2013) . Considering the interest -Range from 3 to 5‖ (Moderate to Very High) of the farmers for the promotion of their dairy farming, the farmers have -High‖ and significant requirement of: more funds (Mean-4.1 and Median-4; KW = 8.462; P = 0.015), shade tolerance fodder variety (Mean-3.9 and Median-4; KW = 8.337; P = 0.015) and better price for their milk (Mean-4.4 and Median-4; KW = 8.174; P = 0.017). The officials of the pasture development program have already started adaptive research programs with shade tolerant fodder varieties with the view of replacing CO3 fodder for home-gardens. The farmers have -Low‖ (Mean-2.1 and Median-2) requirement of low priced fodder cutter but not significant (KW = 0.416; P = 0.812) with interest as the grouping variable. Higher average production of milk is obtained due to better nutrition provided under cut and fed system (Ranaweera, 2007) . The farmers have a -Moderate‖ (Mean-3.4 and Median-3) requirement of improved cow breeds which is not significant (KW = 0.045; P = 0.978) with their interest. According to Mendis & Edirisinghe (2014) , the technology mainly new breeds, breeding techniques and training programs on animal husbandry significantly aid for the growth of domestic fresh milk supply. Similarly, they have almost -Moderate‖ (Mean-2.6 and Median-2) requirement of subsidy for a cattle shed, but not significant (KW = 0.473; P = 0.789) with their interest in further improvement of dairy farming in their home-gardens.
Conclusions and Policy Implications
The pasture development program in Matara district has created some considerable changes in ecosystem in home-gardens, and has contributed very important economic trade-offs and social breakthroughs. It is recommended to design sustainable silvo-pasture system with appropriate land use system based on the size and composition of their home-gardens. Developing and popularizing fodder resources among small cattle farmers requires strengthen institutional support particularly for the research and extension. The farmers have not yet promoted community governance in order attract externalities particularly land use planning, selection of cropping systems, technology development to introduce high yielding shade tolerance food and policy support even after the successfully implementing the pasture development program. There is not only the nutrition but also the quality of animals need for the improvement of productive efficiency in the medium term. Establish of farmer organization will empower the farmers and encourage them for collective efforts to improve standards of their dairy farming. Further improvement and expansion of the pasture development program may promote domestic liquid milk consumption particularly in rural households and will have strong positive effects on opportunities for domestic milk production thus increasing fodder production in home-gardens for feeding the cattle.
